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INTRODUCTION

37
Management of solid wastes has been one of the greatest challenges for megacities.
38
Landfill remains as one of the predominant methods of waste disposal worldwide. However, 39 even modern engineered landfill suffers from a variety of problems such as noxious gas 40 emission, dust, and leachate production, rodent infestation, etc. (Hamer, 2003) .
41
Furthermore, the land space requirement of landfill makes it an unfavorable choice for general public health (Tian et al., 2012) . Compared to incineration, gasification is generally 48 not only more efficient but also bears much less environmental concerns because the 49 oxygen-deficient environment in a gasifier does not favor the formation of those 50 environmental pollutants produced in an incinerator. Moreover, the gasification technology 51 is well suitable for the decentralized application (Buragohain et al., 2010) , which offers 52 significant flexibility to waste treatment and could potentially reduce the contamination 53 incurred during waste transportation.
54
In Singapore, two solid wastes, i.e. food waste and sewage sludge, among various types 55 of wastes, are being paid special attention. Food waste (788,600 tons in 2014) is one of the 56 major solid wastes generated in Singapore, but its recycling rate is only 13% and is among 57 one of the lowest (NEA, 2016b). Sewage sludge is an unavoidable product from water 58 reclamation plants (WRP) during the treatment of municipal and industrial wastewaters.
59
There are four WRPs in Singapore and their capacity information is listed in Table 1 .
60
pros and cons of food wastes and sewage sludge for co-gasification which is important for 79 the practical designing (e.g., electricity generator capacity planning based on the amount of 80 food wastes and sewage sludge handled) and management (e.g., selection of food wastes or 81 sewage sludge for gasification by decision makers) of gasification-based waste disposal. 
MATERIALS AND METHODS
107
Feedstock Materials and Characterization
108
The co-gasification feedstock consists of a mixture of food wastes and woodchips. Food The pre-treatment of food wastes was conducted to control its size and moisture content rolled into balls and solar-dried to reduce the moisture content to below 25 wt.%, which 138 ensures that the dried balls could mix well with the woodchips and subsequently be fed 139 smoothly into the reactor. The original food waste balls were around 2.5 cm in diameter 140 and shrunk to about 2 cm after drying. After the drying, the moisture content of food waste 141 balls was reduced to around 10 wt.%. The woodchips have an initial moisture content of 142 approximately 8 wt.% and no further pre-treatment was needed before gasification. The 143 woodchips were sorted and handpicked to ensure their length and width between 1 to 4 cm, 144 so that they could be fed smoothly into the reactor via the screw feeder. blockage) for gasification (Abe et al., 2007) . The co-gasification experiments were 160 conducted in the fixed-bed downdraft gasifier (All Power Labs) with a capacity of 10kg/hr.
8
A schematic diagram of the gasifier is shown by Figure 1 . The experimental procedure is 162 the same as that in the study of Ong et al., (2015) . During the experiments, a mixture of 163 waste and wood chips were firstly poured into the hopper (1). The hopper was then gas-164 tight sealed and a cold run was performed to ensure there is no gas leakage. The feedstock 165 entered a heat exchanger drying bucket (2) where it was pre-heated by hot producer gas.
166
The feedstock was then fed into the pyro-coil (4) via a motorized screw feeder (3). When analysis, the producer gas was passed through a simple gas conditioning system (7) cost, and operating and maintenance (O&M) cost (e.g., staff salary, training program, etc.).
203
The transport cost is not considered in this work due to the lacking of precise information. 
208
Uncertainties always exist in the cost-benefit analysis due to the variability and availability 209 of considered factors (Graham, 1981) . The data of some factors are from existing studies.
210
The potential uncertainties of the data were generally not quantified by the original studies, 211 but they still serve as important references for estimating the potential range of the factors.
212
To further account for the uncertainties, triangular distributions would be assumed for the 
217
The cost of a gasification system generating electricity was suggested to be 1500 in Singapore (NEA, 2016a). A triangular distribution with a lower limit, mode, and upper 255 limit of 3000, 6000, and 9000 US$/kW is assumed for the capital cost of incineration plants.
256
Similar to the gasification-based schemes, cost updates in terms of year and facility 257 capacity were conducted based on Eq. (1) from the approximate analysis (see Table 3 ). In our gasification experiments, the weight of 298 residues was measured to be around 10% of consumed feedstocks which is applied in the 299 cost-benefit analysis for gasification. It should be noted that the cost of energy required to 300 drying the co-gasification feedstocks is neglected, because we presume solar drying is 301 14 employed for the pretreatment process and relevant operating costs are considered in the 302 overall O&M cost.
303
The direct profits from the waste treatment schemes include selling electricity (energy 304 income) and refuse disposal fees (waste income). The tariff of electricity for low tension 305 supplied varied from 0.14 to 0.19 US$/kWh from January 2013 to January 2016 (SP, 2016).
306
A triangular distribution with a lower limit, mode, and upper limit of 0. 
where is the net cash inflow during a year t; is the total initial investment including 313 the construction and land costs; LT=20 years denotes the life time of facilities; is the 314 discount rate. A near-zero discount rate means that the cost of borrowing from the future is 315 low, and future benefits and costs are worth about the same as today (Quah and Toh, 2011) .
316
The potential discount rate has been suggested to be in a range of 5% to 10% (Ertürk, 2012 
Gas Composition and LHV
366
The producer gas compositions and LHVs for the cases of food waste and sewage sludge 367 co-gasification are given by emission from scheme 3 would be around one order of magnitude higher than that of 441 20 scheme 1 and 2 due to the higher CO 2 emission per unit feedstocks for incineration (Table 2   442 and Table 6 ). From a point of view of CO 2 emission per unit mass of feedstocks, the 443 gasification-based scheme could be more environmentally friendly. NPV is more than 80%, which means that there is more than 80% of chance for the available. The analysis is specifically for the food wastes and sewage sludge in Singapore.
518
However, the method could be easily extended to the cases of other megacities and types of the effects of the significant interactions are the highest in scheme 3 (-8.78×10 9 US$),
556
followed by scheme 2 (1.58×109 US$) and scheme 1 (1.51×109 US$), respectively. The
557
NPV is also moderately sensitive to the main effects (A) construction cost, (B) the ratio 558 between O&M cost and capital cost, (C) electricity efficiency, and (D) electricity tariff for 559 both scheme 1 and 2, whereas it is only moderately sensitive to the main effects (A) 560 construction cost and (B) the ratio between O&M cost and capital cost in scheme 3. This is 561 consistent with the data in * The sewage sludge production is assumed to be proportional to the capacity. Table   Table 2 . List of factors considered during the cost-benefit analysis & The CO 2 emission will be estimated using the volume fraction data of CO 2 in the producer gas, flow rate, and the consumption rate of feedstocks from the co-gasification experiments of this work.
# For the incineration-based scheme, the construction cost considered included the land cost. # Energy income refers to the one from electricity selling. § Waste income refers to the one from refuse disposal fee.
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